Purpose To elucidate the prevalence and risk factors of age-related macular degeneration (AMD) in people with diabetes. Methods Of the 5495 subjects ≥ 60 years of age recruited in the population-based study in south India, 4791 subjects with gradable images on 30°three-field retinal photographs were analyzed. AMD and diabetic retinopathy (DR) were graded based on the International ARM Epidemiological Study Group classification and International Clinical Diabetic Retinopathy Disease Severity Scale, respectively. All subjects underwent a detailed history, physical examination, and a comprehensive ocular examination. Results Of the 4791 subjects, 1256 had diabetes. In those with diabetes, 166 (13.2%) had DR: of which, 9.6% had AMD. Of those with diabetes but no DR, 15.6% had AMD. Presence of DR (OR = 0.57, 95% CI: 0.33-0.99, P = 0.046) was a protective factor for AMD in diabetes. When adjusted for potential confounding factors, those with AMD and diabetes were from urban areas (OR = 1.65, 95% CI: 1.09-2.49, P = 0.018), had raised systolic blood pressure (OR = 1.02, 95% CI: 1.00-1.03, P = 0.01), higher BMI (OR = 1.06, 95% CI: 1.02-1.10, P = 0.005), and higher serum triglycerides (OR = 1.00, 95% CI: 1.00-1.01, P = 0.011). A higher level of highdensity lipoprotein (HDL) (OR = 0.98, 95% CI: 0.96-0.99, P = 0.038) was a protective factor for AMD in subjects with diabetes. Conclusions The presence of DR and higher serum HDL are protective factors whereas obesity and higher systolic blood pressure are risk factors for AMD in subjects with diabetes.
Introduction
In developed and developing countries, agerelated macular degeneration (AMD) is the leading cause of vision loss in those aged 60 years or older, 1 and the morbidity is expected to rise with the increase in life expectancy. India has about 77 million people at or above the age of 60 years representing a large group vulnerable to vision-related disorders, and the number is estimated to reach 180 million by 2026. As reported in population-based studies, the prevalence of AMD in India ranges from 39.5% to 0.3%. [2] [3] [4] These proportions are likely to increase further with an increase in the proportion of aging populations. Diabetes mellitus (DM) has been reported as a significant risk factor for AMD in a few studies [5] [6] [7] [8] whereas few others have reported diabetes as a protective factor. 9 , 10 Chen et al 11 in their meta-analysis showed that a majority of studies that reported DM as a risk factor for AMD had adjusted only for age and gender and may be confounded by other factors and, therefore, requires welldesigned studies. In our recent study, 9 we reported lower prevalence of AMD in subjects with diabetes than in those without diabetes; we observed that diabetes is a protective factor for AMD when adjusted for several potential confounding factors. In this study, we further explore and characterize in those with AMD, the distribution of systemic and ocular risk factors that may have contributed to the difference in the prevalence and the risk of AMD in subjects with and without diabetes.
Materials and methods
Sankara Nethralaya: Rural-Urban Age-related Macular Degeneration study (SN-RAM study), a population-based cross-sectional study, was conducted in India between 2009 and 2011. The study was approved by the institutional review board and a written consent was obtained from all the participating subjects as per the Declaration of Helsinki.
Study participants
The study design and methodology have been described earlier. 9, 12 Briefly, a total of 6617 people (rural (n = 3904) and urban (n = 2713)) were enumerated. Of which, 5495 (83%) participated in the study for eye examination; after excluding those who did not have retinal photographs and those with ungradable images, 4791 subjects (rural (n = 2743) and urban (n = 2048)) were included in this study.
Clinical examination protocol
A detailed history, including data on demographic, socioeconomic, and ocular history, was obtained from all patients at the base hospital in the urban arm and in a customized mobile examination unit in the rural arm. The socioeconomic status (SES) was assessed using a multiple index questionnaire and the scoring was characterized as low (score, 0-14), middle (score, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , and high (score, 29-42). 13 The questionnaire included the following variables: family possession such as refrigerator, television, washing machine, and so on, own or rented house, type of house (thatched or brick), possession of vehicle (car, scooter, etc), and other financial liability or commitment. The same questionnaire and scoring has been used in a previous population-based study. 12 A detailed questionnaire was administered regarding the medical history, a general physical examination, smoking, tobacco and alcohol consumption history, and educational and occupational history. Blood pressure (BP) was recorded in the sitting position in the right arm to the nearest 2 mm Hg using the mercury sphygmomanometer (Diamond Deluxe BP apparatus, Pune, India). Two readings were taken, 5 min apart, and their mean was taken as the BP. 14 
Ophthalmic examination
All subjects underwent detailed ophthalmic evaluation, which included assessment of visual acuity and refraction using modified Early Treatment Diabetic Retinopathy Study chart (Low Vision Products; LightHouse, New York, NY, USA), anterior segment examination using a Zeiss SL 130 (Carl Zeiss, Jena, Germany) slit-lamp, intraocular pressure measurement using Goldmann applanation tonometer (Zeiss AT 030; Carl Zeiss), and fundus examination using binocular indirect ophthalmoscope (Keeler Instruments, Broomall, PA, USA). Grading of lens opacities was performed using the Lens Opacities Classification System (LOCS III; Leo T. Chylack, Harvard Medical School, Boston, MA, USA) by two experienced ophthalmologists. The grading agreements were as follows: nuclear opalescence (k = 0.84), nuclear color (k = 0.88), cortical (k = 0.89), and posterior subcapsular (k = 0.89). Overall, the average grading agreement was high (k = 0.85).
Retinal photographs were obtained after pupillary dilatation (FF450 Fundus Camera, Carl Zeiss, Jena, Germany). AMD was graded according to the International ARM Epidemiological Study Group and stratified into stages based on the grading in the worst eye. 15 The grading agreement, which was done by two independent observers (retina specialists) in a masked manner, was found to be 0.62 for early AMD and 0.87 for late AMD.
Diabetic retinopathy (DR) was graded using the International Clinical Diabetic Retinopathy Disease Severity Scale. The grading agreement between the observers was 0.80. 16 All subjects underwent estimation of fasting blood glucose by enzymatic assay (Merck Micro Lab 120 semiautomated analyzer), total serum cholesterol (CHOD-POD method), high-density lipoproteins (HDL; CHOD-POD method after protein precipitation), serum triglycerides (CHOD-POD method), hemoglobin (calorimetric hemoglobinometer), and packed cell volume (capillary method).
Definitions
Refractive errors Emmetropia was defined as a spherical equivalent between − 0.50 and +0.50 diopter sphere (DS). 17 Myopia was defined as a spherical equivalent of less than − 0.50 DS. Hyperopia was defined as a spherical equivalent of greater than +0.50 DS. Astigmatic correction was measured in minus cylinder format and was defined as a cylindrical error of less than − 0.50 diopter cylinder at any axis. Axial length (mm) was assessed by B-scan ultrasonography (USG), (Ultrascan, Alcon Laboratories, Sinking Spring, PA, USA) by applanation technique. Three readings were taken within 0.02 mm of each other and averaged.
Age-related maculopathy AMD was graded according to the International AMD Epidemiological Study Group 15 and stratified into stages based on the grading in the worst eye. Early AMD was defined as the presence of drusen (discrete whitish-yellow spots located external to the neuroretina or retina pigment epithelium [RPE]) or drusen with RPE abnormalities (areas of hyper-or hypopigmentation). Late AMD was defined as the presence of dry AMD (geographic atrophy of the RPE in the absence of neovascular AMD) or neovascular AMD (RPE detachments, which may be associated with neurosensory retinal detachment, subretinal or sub-RPE neovascular membranes, epiretinal, intraretinal, subretinal, or subpigment epithelial scar/glial tissue or fibrin-like deposits, and subretinal hemorrhages not related to other retinal vascular disease).
Diabetic retinopathy In the study, levels of retinopathy were used and defined as follows: no DR, no abnormality; mild nonproliferative diabetic retinopathy (NPDR), only microaneurysms; moderate NPDR, more than mild but less than severe; severe NPDR, any of the following-20 or more intraretinal hemorrhages in 4 quadrants, venous beading in 42 quadrants, or intraretinal neovascularization in 1 quadrant; proliferative diabetic retinopathy, one or more of the followingneovascularization or preretinal or vitreous hemorrhage.
Diabetes Known diabetes: if they were using hypoglycemic drugs, either oral or insulin or both. Provisional diabetes: if fasting blood glucose was ≥ 110 mg/dl (Accutrend Alpha, Roche Diagnostics, Indianapolis, IN, USA), done twice in new asymptomatic subject. 18 Newly diagnosed diabetes: all individuals with provisional diabetes underwent oral glucose tolerance test for confirmation. 19 All continuous variables were assessed for normality of distribution. Variables that did not follow a normal distribution were assessed using non-parametric tests. The proportions were examined using the χ 2 -test. The associations were examined by univariate and step-wise multiple logistic regression analysis.
Results
In the overall 5495 subjects, DM was present in 20.9% in the rural (n = 681/3266) and 30.9% in the urban population (n = 689/2229), and the differences between rural and urban populations were significant, Po0.0001. After excluding those who did not have retinal photographs and those with ungradable images, there were 4791 eligible subjects with gradable retinal photographs. The prevalence of AMD in this cohort was 22.1% (n = 619/2743) in the rural and 18.1% (n = 370/2048) in urban populations, and the differences were significant, Po0.0001.
In the cohort of 4791 subjects, there were 1256 subjects with DM (26.2%) and 3535 subjects with no DM (73.8%). Figure 1 shows the prevalence of AMD in subjects with diabetes (DM), no diabetes, DR, and no DR. The prevalence of AMD was found to be lower among people with diabetes than among those without diabetes (14.8 vs 22.7%, Po0.0001). In those subjects with DM, 166 (13.2%) had DR whereas 1090 (86.8%) had no DR. AMD was present in 16 subjects (9.6%) with DR (87.5% moderate NPDR and 12.5% mild NPDR) and in 170 (15.6%) with DM but no DR. The above difference in the proportion of subjects with AMD in those with and without DR was significant, z = − 2.013, P = 0.044. In the non-diabetic group, AMD was present in 803 (22.7%) subjects as compared to only 186 (14.8%) in subjects with DM, and the differences were statistically significant, z = − 5.947, Po0.001. With regards to the type of AMD in DM group, a majority (170/186 = 91.4%) of those with DM had Early AMD, while the remaining (16/186 = 8.6%) subjects had Late AMD. The differences in the proportion of subjects with Early and Late AMD did not differ in the groups with and without DM, P = 0.606. (Table 1 ) With regards to the subtypes of AMD in DM group, 48.9% (95% CI: 41.8-56.1) had only drusen, 21.0% (95% CI: 15.7-27.4) had drusen with hyperpigmentation, 21.5% (95% CI: 16.2-30.0) had drusen with hypopigmentation, 3.2% (95% CI: 1.5-6.9) had dry AMD and the remaining 5.4% (95% CI: 3.0-9.6) had wet AMD. In the No DM group, 90.2% had Early AMD and the remaining 9.8% had Late AMD. With regards to the subtypes of AMD in the No DM group, 51.6% had only drusen, 22.7% had drusen with hyperpigmentation, 15.8% had drusen with hypopigmentation, 6.5% had dry AMD and the remaining 3.4% had wet AMD. We then examined for likely risk and protective factors for AMD in subjects with DM (n = 186) and without DM (n = 803). Table 2 shows the demographic and clinical variables in subjects with AMD, with and without DM. There were Data represent mean ± SD or n (%). ‡Odds ratio (95% CI), P-value by logistic regression in DM group only.
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Eye levels were higher in those with AMD with DM (115.1 mg/dl) than in those with AMD but no DM (103.9 mg/dl), P = 0.013. Among those who were from middle socioeconomic group, 53.2% of the subjects had AMD and DM, while among those from low socioeconomic group, only 42.5% had AMD and DM. The two groups did not differ in terms of age (P = 0.701), gender distribution (P = 0.560), diastolic BP (P = 0.445), serum total cholesterol (P = 0.053) or serum HDL cholesterol (P = 0.062). When compared to subjects with AMD but No DM, subjects with AMD and DM had an average 0.8 mm Hg higher intraocular pressure, which although not clinically significant, was statistically significant (P = 0.001); a greater proportion of subjects were found to have hyperopia (44.4%; P = 0.001) and a lesser proportion (38.3%) of subjects had myopia (Po0.001). As a subsequent analysis, subjects who had myopia and nuclear sclerosis were excluded and the remaining proportion of subjects were compared between the two groups. There were 14 subjects with myopia (not related to nuclear sclerosis (NS)) and AMD. Of which, a majority (n = 13, 92.8%) belonged to the No DM group. The difference in the proportion of subjects with myopia (not related to NS) in the group with AMD and DM vs AMD with No DM was not significant, P = 0.140. Sixteen (8.6%) subjects with DM and AMD had DR. The presence of DR was a protective factor for AMD in subjects with DM (OR = 0.57, 95% CI: 0.33-0.99, P = 0.046). Axial length was stratified into three groups; axial length did not differ significantly in the groups with AMD, with DM and with No DM (P ≥ 0.076).
A subsequent analysis was performed in subjects with AMD and DM, with and without DR, with regards to type of AMD, axial length, BP, BMI, and serum lipids levels. A summary of these variables is presented in Table 3 . In those with DR, 87.5% of subjects had Early AMD and the remaining 12.5% subjects had Late AMD. In the No DR group, 91.8% had Early AMD and the remaining 8.2% had Late AMD (P = 0.558). The systolic BP (P = 0.519), diastolic BP (P = 0.521), axial length (P = 0.913), BMI (P = 0.495), serum total cholesterol (P = 0.794), and HDL (P = 0.622) did not differ between subjects with and without DR. The serum triglycerides were higher in the group with DR compared to those with DM but no DR (mean ± SD: 110.0 ± 49.3 mg/dl vs 168.3 ± 84.6 mg/dl, P = 0.014).
While in the no AMD and diabetes group, the mean ± SD of systolic BP in subjects with no DR was 130.5 ± 18.5 mm Hg compared with 136.7 ± 20.8 mm Hg in the DR group and the differences were significant, Po0.0001. The diastolic BP in the two groups was not significantly different (P = 0.842). Table 4 shows the multivariate analysis of risk and protective factors in the AMD population with and without DM. Those with AMD and diabetes were predominantly from urban areas (OR = 1.65, 95% CI: 1.09-2.49, P = 0.018), had raised systolic BP (OR = 1.02, 95% CI: 1.01-1.03, P = 0.01), higher BMI (OR = 1.06, 95% CI: 1.03-1.11, Po0.005) when adjusted for age, gender, SES, BP, serum lipids, smoking, cataract status, intraocular pressure, axial length and refractive error in the multivariate model. Higher HDL level was a protective factor for AMD in subjects with diabetes (OR = 0.98, 95% CI: 0.96-0.99, P = 0.038). Serum triglycerides demonstrated an OR of 1.00, 95% CI: 1.00-1.01, P = 0.011.
Discussion
This study was a subgroup analysis of the SN-RAM cohort to elucidate the prevalence and risk factors for AMD in subjects with diabetes. The prevalence of AMD was found to be lower among people with diabetes than among those without diabetes (14.8 vs 22.7%). The prevalence was lower in subjects with DR than in those with no DR (9.6 vs 15.6%). The factors associated with AMD in subjects with diabetes were higher systolic BP, higher BMI, and urban population, whereas the protective factors were higher serum HDL cholesterol and presence of DR. In the literature, there is no consistently observed association between AMD and diabetes. We recently 9 reported lower prevalence of AMD in subjects with diabetes than in those without diabetes and we concluded that diabetes seems to be a protective factor for AMD. In this study, we further examined and characterized the distribution of systemic and ocular factors in subjects with AMD in the groups with and without diabetes, which may possibly shed more light on this finding.
The proportion of subjects with Early AMD as well as that of Late AMD did not differ significantly between the groups with DM and with No DM. Furthermore, the subtypes of AMD did not differ significantly in those with AMD and DM compared with AMD and No DM. A previous study 6 reported that DM is a risk factor for early AMD compared with no early AMD; the multivariate analysis was slightly different to that of the present study whereby, the model was adjusted for age, gender, smoking, obesity and hypertension and hence the association may be different from that of our study. In our study, we compared Early AMD in DM and No DM and found no significant association.
We observed that DR is a protective factor for AMD in subjects with diabetes. We observed no significant association between early AMD and DR or that between late AMD and DR probably because of relatively smaller sample sizes.
The findings of our study are in agreement with those of Borrone et al 10 who observed lower prevalence of AMD among subjects with diabetes and a further lower prevalence among those with DR. Mitchell and Wang et al 7 observed a significant relationship only between diabetes and geographical atrophy (a type of late AMD) but not with early AMD, and they reported that there is no consistent relationship between AMD and diabetes. The Framingham Eye Study 20 found no significant association between diabetes and AMD.
The conflicting results may be probably due to various systemic and ophthalmic variables examined, variations in age group examined, and the study design (longitudinal or cross-sectional). DR is a disease that affects predominantly the inner retina whereas AMD affects the outer retina altering the macula, possibly having different mediating mechanisms. Sander et al 21 reported that in diabetic macular edema, there is signaling from the damaged inner blood-retina barrier (BRB) that induces upregulation of the transport function of the RPE (outer BRB), thus delaying the development of the agerelated maculopathy.
Inner BRB damage has been documented with increasing severity of DR. Qaum et al 22 have shown a vascular endothelial growth factor (VEGF)-driven inner BRB damage in early diabetes. Thus, the influence on outer BRB seems to be evident in diabetes both with and without DR. This feature may offer a likely explanation for observing lower prevalence of AMD in both groups.
In the diabetic population (n = 1256), a comparison of systolic and diastolic BP was performed in those with and without DR. The systolic BP was significantly higher in those with DR (mean SD: 136.4 ± 20.6 vs 130.8 ± 18.3, Po0.0001) compared to those with No DR; while diastolic BP was not significantly different (P = 0.691; data not shown). In those with DM and No AMD, the mean systolic BP was about 6 mm Hg higher in those with DR compared to those with no DR. In contrast, in those with AMD and DM, we observed no significant differences between those with and without DR, probably because of relatively lower sample sizes. Previous studies have shown that a rise in systolic BP is associated with RPE [25] [26] [27] have found an increased risk of AMD in individuals with higher BMI, whereas others have failed to observe this correlation. 4, 28 We have earlier reported 9 the risk factors for AMD in the same cohort and did not find increasing BMI as a risk factor. However, in the subgroup with diabetes, increasing BMI is a risk factor for AMD; BMI is not significantly associated with DR in this group. Studies have shown that angiogenic/antiangiogenic factors are associated with obesity, diabetes, and complications related to diabetes. 29 For example, pigment epithelium-derived factor, a major angiogenic inhibitor, is an active player in adipose tissue formation, insulin resistance, and vascular function. The increased risk of AMD in people with diabetes may be due to interplay of these factors. We had previously 9 reported an association of middle SES and AMD in the general population (with or without diabetes). In this subgroup analysis, we observed no significant association between SES and AMD in people with diabetes when adjusted for several potential confounding factors. Likewise, we have earlier reported that the prevalence of diabetes is higher in people belonging to middle and high socioeconomic status, but there was no difference in prevalence of DR. 30 Similar to our study, Beaver Dam Study 25 and the study by Reynolds et al 26 found a protective effect of higher serum HDL cholesterol on AMD. This could be probably due to the anti-inflammatory and anti-oxidant properties of HDL, which may play a role in regulating the inflammatory markers and endothelial dysfunction in diabetes, thus offering protection against AMD. However, we observed that serum triglycerides did not show a significant association with AMD and diabetes, when adjusted for potential confounding factors.
We observed that AMD in diabetes is more common in urban populations than in rural populations. We previously 9 reported that AMD is more frequent in rural populations. In this study, we observed that DM is more common in the urban population than rural populations. Modernization and changes in lifestyle including lack of physical exercise or sedentary work 31 may be an explanation for observing more frequent DM in urban populations and for observing greater proportion of people with AMD in urban diabetic population.
The strengths of this study included the use of standardized protocol and the photographic documentation of the macula. However, due to the crosssectional design, a cause-effect relationship could not be established. In addition, the OR for the associated factors are only just above 1.00 and this observation must be kept in mind when interpreting the results.
AMD and DR are responsible for much of the legal blindness worldwide. Despite the epidemiological importance of both these conditions and the shared pathophysiological aspects, the works of literature on association of these are conflicting and scarce. This study highlights the prevalence, risk factors, and protective factors of AMD in people with diabetes. It also identifies the modifiable risk factors for AMD in those with diabetes. Thus, there could be a role in modifying lifestyle in reducing the burden of blindness from AMD in people with diabetes.
Summary
What was known before K Diabetes mellitus (DM) has been reported as a significant risk factor for AMD in a few studies while, few others have found diabetes as a protective factor.
